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A B S T R A C T
The noble scallop Chlamys nobilis is an economically important edible marine bivalve that has been cultivated in
the Southern Sea of China since the 1980s. Noble scallops, particularly the golden scallops, are rich in car-
otenoids, are of interest for their potential beneficial uses in human healthcare, food processing and pharma-
ceuticals. However, very little is known about the seasonal variation of total carotenoids content (TCC) in the
golden scallops. Therefore, present study was conducted to determine the seasonal variation of TCC in the tissues
of male and female of golden scallops. The results of present study revealed that the TCC in adductor, mantle and
gonads of golden scallops were ranged from 16.79 to 138.86 μg/ g, 92.86 to 312.98 μg/ g, and 71.5 to 750.0 μg/
g, respectively. Generally, the gonads of golden scallops contain the highest TCC, followed by the mantle and
adductor. In comparison of male and female scallops, TCC in the same tissue (except for gonad) was not sta-
tistically significant. However, female gonads contain much higher TCC than male gonads. The temporal var-
iation of the TCC in golden scallops showed the highest in March to April and the lowest in October. The findings
of current study can be very useful for scallop farmers and industry to determine the best harvest time to obtain
the highest quality of golden scallops with high TCC.
1. Introduction
Carotenoids are a class of pigments that are ubiquitously in nature,
and responsible for the range of colours includes from colourless, red,
orange, and yellow in plant leave, fruits, and flowers, as well as the
colours of some birds, insects, fish, and crustaceans (Zhang et al., 2014;
Yatsunami et al., 2014; Nisar et al., 2015; Tan et al., 2019a, 2019b,
2019c, 2019d). These pigments are of interest for their biotechnological
applications and, more importantly, because of their potential bene-
ficial uses in human healthcare, food processing and pharmaceuticals
(Zhang et al., 2014; Fiedor and Burda, 2014). Chemically, the most
relevant biological function of carotenoids is associated to antioxidant
properties, which is a direct outcome of their molecular structure
(Vílchez et al., 2011). Carotenoids have been reported to decrease the
risk of various diseases (Krinsky and Johnson, 2005; Pike et al., 2010),
and enhance the immune system (Chew, 1993; McGraw and Ardia,
2003) to repair DNA damage (Astley et al., 2004) and prevent in vitro
auto-oxidative injury of human lymphocytes (Bolin et al., 2010).
However, animals and humans cannot synthesize carotenoids de novo,
therefore they must be acquired from diet.
Market demand for animal carotenoids is increasing as consumers
prefer natural rather than synthetic products (Torregrosa-Crespo et al.,
2018). In animals, carotenoids are an important indicator of a sa-
tisfactory nutritional condition and are used as a sign of fitness in or-
namental displays and increase sexual attractiveness (LaFountain et al.,
2015; Freeman et al., 2016; Duarte et al., 2017). Therefore, carotenoid
content in animals is influenced by genetic, physiological and en-
vironmental factors, such as species (Kantha, 1989; Matsuno, 2001), sex
(Hagen et al., 2008; Louda et al., 2008; Toomey and McGraw, 2009;
Zheng et al., 2010), gonad maturation (Dall et al., 1995; Zheng et al.,
2012), and seasons (Campbell, 1969; Griffiths and Perrott, 1976; Yanar
et al., 2012, 2004). Among all natural sources of animal carotenoids, a
marine bivalve mollusc, noble scallop C. nobilis has emerged as one of
the potential natural sources of carotenoids (Zheng et al., 2010, 2012).
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The noble scallop C. nobilis is an economically important edible
marine bivalve widely distributed in Japan, Indonesia and the Southern
Sea of China, and has been widely cultivated in South China since the
1980s (Guo et al., 1999). Noble scallops display polymorphisms in shell
colour, including orange/golden, purple, brown and white, as well as in
tissues colours, including orange/golden and white. Our previous study
has shown that golden scallops with golden shells and golden tissue
contain total carotenoids content that is significantly higher than that of
brown scallops with brown shells and white tissue (Zheng et al., 2010).
In the selection breeding project, a new variety called “Nan'ao Golden
Scallop” was bred from a cultivated stock of the noble scallop by our
laboratory in 2015 (Zheng et al., 2015). Carotenoid content in golden
noble scallops is dynamic and highly influences by gender, physiology
and environmental factors (Zheng et al., 2012).
In this context, the aims of present study was to study the seasonal
variation of total carotenoid content in the tissues of male and female
golden noble scallops. The findings of present study are expected to
contribute significantly in golden scallops aquaculture industry, where
farmers can harvest golden scallops at specific times of the year to
obtain the highest quality of golden scallops in regard of high TCC.
Since golden scallop is a potential natural animal source of carotenoids,
the results of present study also provide useful knowledge about TCC in
golden scallops, which can serve as a basis for establishing the value of
its potential bioactive compounds. Moreover, present study also pro-
vides the first intensive scientific literature for seasonal TCC variability
in different tissues of aquatic animals in regard of gender.
2. Materials and methods
2.1. Sample collection
The noble scallop C. nobilis were collected from the Nan'ao Island,
Guangdong Province, China (23.35°N, 116.68°E). Guangdong Province
has a humid subtropical climate that can be summarized as hot, wet and
humid in summers (June to August) (Tan et al., 2019b,c). The study
area has a sub-tropical climate with water temperature, salinity and pH
range between 14 and 27 °C, 30.8 to 33.6 ppt and 7.75 to 8.24, re-
spectively (Gu et al., 2012; Wu et al., 2018). Samples were taken
monthly from January to December 2010. Four male and four female
golden scallops were randomly collected and processed to extract the
adductor, mantle and gonads, and stored at−80 °C for further analysis.
2.2. Determination of total carotenoids content (TCC)
Total carotenoid content was extracted according to Zheng et al.
(2010). The individual sample was dried in a vacuum freeze-dryer and
then grinded to a fine powder in a mortar. Then, 0.2 g of each sample
was mixed with 2 ml of acetone at room temperature of 25 °C with
shaking at 200 rpm for 1 h in the dark. The extract was centrifuged at
5000 rpm for 5 min, and then the supernatant was scanned from 400 to
700 nm in a spectrophotometer (UV2501PC, Japan). The absorption of
the extract was measured at 480 nm. The extinction coefficient, E(1%,
1cm) = 1.900, was used to calculate the total carotenoids content
(Zheng et al., 2010).
2.3. Statistical analysis
Statistical analyses were performed using the SPSS Windows
Statistical Package (version 21). Tests were considered significant at
p < .05. Prior to analyses, all variables were tested for normality and
homogeneity of variances. One-way ANOVA was performed followed
by Turkey multiple comparison tests (Turkey HSD) to test for significant
differences in TCC in tissues of male and female golden scallops among
the months.
3. Results
3.1. TCC distribution in male and female golden scallops
The annual average of TCC in adductor, mantle and gonads of male
and female scallops is summarized in Fig. 1. The TCC in gonads (177.48
to 348.38 μg/ g) and mantle (149.07 to 164.91 μg/ g) was significantly
higher (p < .05) than adductor (56.31 to 61.47 μg/ g). No significant
difference (p > .05) was observed in the TCC of mantle and adductor
between male and female scallops. However, TCC was significantly
higher (p < .05) in female gonad (348.38 μg/g) compared to male
gonad (177.48 μg/g).
3.2. Seasonal variations of TCC in golden scallop
The seasonal variations in TCC in the tissues of male and female
golden scallops are illustrated in Fig. 2. Generally, TCC in all tested
tissues of male and female increased significantly (p < .05) from
January and peaked in March to April (Spring). Then, the TCC in all
tissues were then declined drastically (p < .05) in May. Subsequently,
the TCC in all tissues (except for the female gonads) remained at the
level until December. For female gonads, TCC was again decreased
significantly (p < .05) in September to October followed by a sharp
increased (p < .05) in October to December.
4. Discussion
4.1. TCC distribution in male and female golden scallops
Our previous study reported that the TCC in golden scallop was
greater in the order of gonads>mantle> adductor (Zheng et al.,
2010). The results of the female scallops in present study was consistent
with our previous finding, in whch the TCC in the tissues of female
golden scallop showed a order of gonads>mantle> adductor. Similar
observations have been reported in Haliotis discus, Modiolus modiolus
difficans and Atrina pectinata, in which the TCC in the gonads (13.0 to
62.0 μg/ g) was higher than in the mantle (0.2 to 2.0 μg/ g) (Matsuno
and Hirao, 1989). For male scallops, a similar trend was observed in the
Fig. 1. Annual average of TCC in adductor, mantle and gonads of male and
female scallops. Data are shown as mean ± SD. Different letters indicate sig-
nificant differences for the data (p < .05).
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TCC of the mantle and the adductor, where the TCC in mantle was
always higher than the adductor throughout the year. However, except
for from February (End winter) to April (Mid-spring), TCC in the gonads
and mantle of male scallops was statistically insignificant throughout
the year. This is due to the fact that females require more lipids than the
males during gonad maturation, where lipids deposition in eggs plays a
major role as an energy source for early larval development (Soudant
et al., 1999; Tan et al., 2019d). Since carotenoids are lipid soluble
compounds, lipid deposition in the eggs indirectly leads to accumula-
tion of TCC in female gonads (Rajasingh et al., 2006; Zheng et al.,
2012).
4.2. Seasonal variations of TCC in golden scallops
The results of present study revealed that TCC in golden scallops are
affected by seasonal factors. TCC in all tissues of male and female
golden scallops was significantly higher in late spring than other sea-
sons. This observation was in agreement with the only available lit-
erature in bivalves, where the highest TCC in mussel, Mytilus edulis was
documented in the late spring (April to May), which is contributed by
phytoplankton blooms and gonad maturation (Campbell, 1969; Tan and
Ransangan, 2016). Similar observations were documented in two wild
marine shrimp Penaeus semisulcatus, and Metapenaeus monoceros from
the Eastern Mediterranean Sea, which have higher TCC in the muscle of
these two species in spring and summer than in winter and autumn
(Yanar et al., 2004). However, there is a contradiction between the crab
Callinectus sapidus, and fish Pagrus pagrus and Mullus barbatus, which
inhabit the same waters of the Eastern Mediterranean Sea, where the
TCC of head, shell and whole body of all animals were higher in Oc-
tober than in February, whereas their muscle carotenoids were not af-
fected by seasons (Yanar et al., 2012). Based on the TCC seasonal
variations of golden scallops, farmers are strongly advised to consider
harvesting livestock during the period from March to April to obtain the
highest quality golden scallops in regard of high TCC.
5. Conclusion
In a nutshell, the gonads of golden scallops contain the highest TCC,
followed by mantle and adductor. In comparison of male and female
scallops, TCC in the same tissues (except for gonads) was statistically
insignificant. However, female gonads contain much higher TCC than
male gonads. The TCC of golden scallops is highest from March to April
and lowest in October. Therefore, golden scallop farmers should con-
sider harvesting livestock from March to April in order to obtain the
highest quality of golden scallops in regard of high TCC. Since the ef-
ficient usage of scallop carotenoids is equally important, future research
should also focus on cooking methods, food technology and preserva-
tion.
Declaration of Competing Interest
All authors of this work declare that they have no potential conflict
of interest and that there is no financial, consultant, institutional or
other relationships that might lead to bias or conflicts of interest in this
research. Financial grants, infrastructure and fellowships supporting
this work are described in the acknowledgements section.
Acknowledgements
Present study was financially supported by the National Natural
Science Foundation of China (31872563), National Key R&D Program
of China (2018YFD0901400), China Modern Agro-industry Technology
Research System (CARS-49), Department of Education of Guangdong
Province, China (2017KCXTD014), Youth Innovation Talents Project of
Colleges and Universities in Guangdong Province (18219443) and
Talented Young Scientist Program (MALAYSIA-19-002), China.
References
Astley, S.B., Elliott, R.M., Archer, D.B., Southon, S., 2004. Evidence that dietary supple-
mentation with carotenoids and carotenoid-rich foods modulates the DNA damage:
repair balance in human lymphocytes. Br. J. Nutr. 91 (1), 63–72.
Bolin, A.P., Macedo, R.C., Marin, D.P., Barros, M.P., Otton, R., 2010. Astaxanthin pre-
vents in vitro auto-oxidative injury in human lymphocytes. Cell Biol. Toxicol. 26 (5),
457–467.
Campbell, S.A., 1969. Seasonal cycles in the carotenoid content in Mytilus edulis. Mar.
Biol. 4, 227–232.
Chew, B.P., 1993. Role of carotenoids in the immune response. J. Dairy Sci. 76 (9),
2804–2811.
Dall, W., Smith, D.M., Moore, L.E., 1995. Carotenoids in the tiger prawn Penaeus escu-
lentus during ovarian maturation. Mar. Biol. 123, 435–441.
Duarte, R.C., Flores, A.A.V., Stevens, M., 2017. Camouflage through colour change: me-
chanisms, adaptive value and ecological significance. Philos. Trans. R. Soc. B Biol.
Sci. 372.
Fiedor, J., Burda, K., 2014. Potential role of carotenoids as antioxidants in human health
and disease. Nutrients 6, 466–468.
Freeman, H.D., Valuska, A.J., Taylor, R.R., Ferrie, G.M., Grand, A.P., Leighty, K.A., 2016.
Plumage variation and social partner choice in the greater flamingo (Phoenicopterus
roseus). Zoo Biol. 35, 409–414.
Griffiths, M., Perrott, P., 1976. Seasonal changes in the carotenoids of the sea urchin
Strongylocentrotus droebachiensis. Comp. Biochem. Physiol. 55B, 435–441.
Gu, Y., Yang, Y., Lin, Q., Li, Q., Wang, Z., Wang, X., 2012. Spatial, temporal, and spe-
ciation variations of heavy metals in sediments of Nan’ao island, a representative
mariculture base in Guangdong coast, China. J. Environ. Monit. 14 (7), 1943.
Guo, X.M., Ford, S.E., Zhang, F.S., 1999. Molluscan aquaculture in China. J. Shellfish Res.
18, 19–31.
Hagen, N.T., Jørgensen, I., Egeland, E.S., 2008. Sex-specific seasonal variation in the
carotenoid content of sea urchin gonads. Aquat. Biol. 3, 227–235.
Kantha, S.S., 1989. Carotenoids of edible molluscs: a review. J. Food Biochem. 13,
429–442.
Krinsky, N.I., Johnson, E.J., 2005. Carotenoid actions and their relation to health and
disease. Mol. Asp. Med. 26 (6), 459–516.
LaFountain, A.M., Prum, R.O., Frank, H.A., 2015. Diversity, physiology, and evolution of
avian plumage carotenoids and the role of carotenoid-protein interactions in plumage
color appearance. Arch. Biochem. Biophys. 572, 201–212.
Louda, J.W., Neto, R.R., Magalhaes, A.R.M., Schneider, V.F., 2008. Pigment alterations in
the brown mussel Perna perna. Comp. Biochem. Physiol. 150B, 385–394.
Matsuno, T., 2001. Aquatic animal carotenoids. Fish. Sci. 67, 771–783.
Matsuno, T., Hirao, S., 1989. Marine carotenoids. In: Ackman, R.G. (Ed.), Marine Biogenic
Lipids, Fats, and Oils. 1. CRC Press, Boca Raton, FL, pp. 251–388.
McGraw, K.J., Ardia, D.R., 2003. Carotenoids, immunocompetence, and the information
content of sexual colors- an experimental test. Am. Nat. 162, 704–712.
Nisar, N., Li, L., Lu, S., Khin, N.C., Pogson, B.J., 2015. Carotenoid metabolism in plants.
Mol. Plant 8, 68–82.
Fig. 2. Seasonal variation of TCC in the tissues (adductor, mantle and gonads)
of male and female of golden scallops.
K. Tan, et al. Aquaculture 518 (2020) 734796
3
Pike, T.W., Blount, J.D., Metcalfe, N.B., Lindstrom, J., 2010. Dietary carotenoid avail-
ability and reproductive effort influence the age-related decline in performance.
Behav. Ecol. 21 (5), 1048–1053.
Rajasingh, H., Øyehaug, L., Våge, D.I., Omholt, S.W., 2006. Carotenoid dynamics in
Atlantic salmon. BMC Biol. 4 (10).
Soudant, P., Van Rycheghem, K., Marty, Y., Moal, J., Samain, J.F., Sorgeloos, P., 1999.
Comparison of the lipid class and fatty acid composition between a reproductive
cycle in nature and a standard hatchery conditioning of the Pacific Oyster Crassostrea
gigas. Comp. Biochem. Physiol. 123B, 209–222.
Tan, K.S., Ransangan, J., 2016. Feeding behaviour of green mussels, Perna viridis in
Marudu Bay, Malaysia. Aquac. Res. 48 (3), 1216–1231.
Tan, K.S., Zhang, H., Liu, H., Cheng, D., Ye, T., Ma, H., Li, S., Zheng, H., 2019b. Enhancing
lipid nutritional quality of oysters by hybridization between Crassostrea gigas and C.
angulata. Aquac. Res. 50 (12).
Tan, K.S., Liu, H., Ye, T., Ma, H., Li, S., Zheng, H., 2019c. Growth, survival and lipid
composition of Crassostrea gigas, C. angulata and their reciprocal hybrids cultured in
southern China. Aquaculture 516.
Tan, K.S., Ma, H., Li, S., Zheng, H., 2019d. Bivalves as Future Source of Sustainable
Natural Omega-3 Polyunsaturated Fatty Acids. Food Chemistry In Press.
Tan, K.S., Zhang, B., Ma, H., Li, S., Zheng, H., 2019a. Oxidative stress responses of golden
and brown noble scallops Chlamys nobilis to acute cold stress. Fish Shellfish Immunol.
95, 345–356.
Toomey, M.B., McGraw, K.J., 2009. Seasonal, sexual, and quality related variation in
retinal carotenoid accumulation in the house finch (Carpodacus mexicanus). Funct.
Ecol. 23, 321–329.
Torregrosa-Crespo, J., Montero, Z., Fuentes, J.L., Garcia-Galbis, M.R., Garbayo, I.,
Vilchez, C., Martinez-Espinosa, R.M., 2018. Exploring the valuable carotenoids for
the large-scale production by marine microorganisms. Marine Drugs 16, 203.
Vílchez, C., Forján, E., Cuaresma, M., Bédmar, F., Garbayo, I., Vega, J.M., 2011. Marine
carotenoids: biological functions and commercial applications. Marine Drugs 9,
319–333.
Wu, F., Dai, M., Huang, H., Qi, Z., 2018. Plankton ciliate community responses to dif-
ferent aquatic environments in Nan’ao Island, a representative mariculture base in
the South China Sea. Mar. Fresh Water Res. https://doi.org/10.1071/mf18153.
Yanar, Y., Çelik, M., Yanar, M., 2004. Seasonal changes in total carotenoid contents of
wild marine shrimps (Penaeus semisulcatus andMetapenaeus monoceros) inhabiting the
eastern Mediterranean. Food Chem. 88, 267–269.
Yanar, Y., Yanar, M., Buyukcapar, H.M., 2012. Seasonal changes in total carotenoid
contents of some fish and crustaceans inhabiting the eastern Mediterranean Sea. J.
Anim. Vet. Adv. 211 (24), 4501–4505.
Yatsunami, R., Ando, A., Yang, Y., Takaichi, S., Kohno, M., Matsumura, Y., Ikeda, H.,
Fukui, T., Nakasone, K., Fujita, N., Sekine, M., Takashina, T., Nakamura, S., 2014.
Identification of carotenoids from the extremely halophilic archaeon Haloarcula ja-
ponica. Front. Microbiol. 5, 100–105.
Zhang, J., Sun, Z., Sun, P., Chen, T., Chen, F., 2014. Microalgal carotenoids: beneficial
effects and potential in human health. Food Funct. 5, 413–425.
Zheng, H.P., Liu, H.L., Zhang, T., Wang, S.Q., Sun, Z.W., Liu, W.H., Li, Y.Y., 2010. Total
carotenoid differences in scallop tissues of Chlamys nobilis (Bivalve: Pectinidae) with
regard to gender and shell colour. Food Chem. 122, 1164–1167.
Zheng, H.P., Liu, H.L., Liu, W.H., Sun, Z.W., Zhang, Q., 2012. Changes of total carotenoid
and lipid content in scallop tissues of Chlamys nobilis (Bivalve: Pectinidae) during
gonad maturation. Aquaculture 342–343, 7–12.
Zheng, H.P., Liu, H.L., Chen, X.Q., Zhang, B., Zhang, Q., Wang, Y.J., Guo, Z.C., Zhang,
H.K., Wang, Q., Lu, Y.Q., Yang, J.Q., 2015. A new variety “Nan'ao Golden Scallop” of
the noble scallop Chlamys nobilis (Bivalve: Pectinidae) (Ed by the National
Aquaculture Technique Extension Central Station of China, 123e132). In: Guide for
Extending Aquatic Varieties. Chinese Agricultural Press.
K. Tan, et al. Aquaculture 518 (2020) 734796
4
